Background and Purpose-The goal of this study was to examine the impact of hospital characteristics on outcome after the treatment of ruptured and unruptured cerebral aneurysms. Methods-We identified all discharges in New York State from 1995 through 2000 with a principal diagnosis of subarachnoid hemorrhage (SAH) or unruptured cerebral aneurysm (UCA) in patients who were treated by aneurysm clipping, wrapping, or endovascular coiling. An adverse outcome was defined as in-hospital death or discharge to a rehabilitation hospital or long-term facility. We examined the effect of hospital factors, including the rate of endovascular therapy and overall procedural volume, on outcome, length of stay, and total charges. Results-There were 2200 (36.9%) and 3763 (63.1%) admissions for attempted treatment of UCA and SAH, respectively.
T he impact of hospital volume and surgical experience on outcome after the treatment of cerebral aneurysms is a controversial topic. Although there is a generally recognized positive relationship between the volume of aneurysm patients treated at an institution and patient outcome, 1-3 the strength of this conclusion is limited by issues of referral bias and changing treatment algorithms, which now routinely include endovascular therapy.
This study examines mortality and morbidity after treatment of cerebral aneurysms using New York State discharge data from 1995 through 2000 for both ruptured and unruptured aneurysms. We have used epidemiological methods that minimize the effect of referral bias and have examined the effect of endovascular therapy on treatment outcome.
Methods

Data Set and Identification of Cases
We analyzed data for 1995 through 2000 provided by New York State from SPARCS, its statewide database of hospital discharges. 4 
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The database records diagnoses and procedures according to the International Classification of Diseases, 9th revision (ICD-9), 5 and provides patient demographic information and discharge destination. Unique encrypted patient identifiers allow the differentiation of readmissions for the same patient from admissions of new patients.
Patient discharges with a principal diagnosis code for subarachnoid hemorrhage (ICD-9 430) or unruptured cerebral aneurysm (ICD-9 437.3) were selected from the SPARCS data set. Within these 2 groups, we identified patients who had 1 of 3 procedures performed on their aneurysm: surgical clipping (ICD-9 39.51), endovascular coiling (ICD-9 38.81 or, beginning October 2000, 99.29), or craniotomy with wrapping of the aneurysm (ICD-9 39.52). We refer to these patients as having received procedural treatment of the aneurysm.
Endovascular therapy of cerebral aneurysms is a relatively new procedure; thus, we sought to eliminate any question as to which code was being used in New York State to identify the procedure. After preliminary analysis, we contacted the 10 hospitals in New York State that reported the highest overall volume of procedural treatment on cerebral aneurysms. We were able to confirm that each followed the coding recommendations of the American Hospital Association and used ICD-9 38.81 for endovascular therapy of cerebral aneurysms before October 2000 and 99.29 after October 2000. 6, 7 We also contacted all other hospitals in the state that had reported endovascular therapy as a procedure for a cerebral aneurysm during the study period. Only 2 patient records included endovascular therapy for hospitals that did not perform the procedure. These 2 entries were eliminated from the data set.
The analysis involved patient demographic variables (sex, race, age, ethnicity) and hospital-specific characteristics, eg, existence of a dedicated neurological intensive care unit (NICU) and/or presence of a neurosurgical residency program. The SPARCS data set is similar to the US Census in that the Hispanic/Latino designation is coded separately as ethnicity. 4, 8 A neurosurgical residency was defined as a neurosurgical resident on site at a hospital 24 hours per day.
Analysis
We defined adverse outcome as a discharge other than to home. Discharge to nursing home or rehabilitation hospital has been shown to correlate well with Rankin Scale score. 9 Mortality was defined as in-hospital death. To limit the confounding effect of preexisting neurological deficits, analysis of patients treated for unruptured aneurysms was limited to those without a preexisting diagnosis of subarachnoid hemorrhage. The 2 test for specified proportions was used to compare population demographics against census data; standard 2 test was used to compare the population with unruptured aneurysms against the group with ruptured aneurysms. A 2-sided Cochran-Armitage test was used for analysis of binomial trends over time; Pearson's correlation coefficient was used to test for simple volume trend over time.
For each hospital, we calculated the total procedural volume for the treatment of cerebral aneurysms. This number included all surgical clipping, wrapping, and endovascular therapy of aneurysms (ruptured and unruptured) during the 1995 to 2000 time period, without the exclusion of patients who had prior subarachnoid hemorrhage. This value was chosen to best reflect the overall experience of the hospital in treating cerebral aneurysms. When outcome and cost were analyzed, we looked only at discharges in which the patient had an aneurysm surgically clipped or received endovascular therapy, because surgical wrapping is not considered curative. For each hospital, the percentage of aneurysms treated endovascularly was calculated separately for unruptured and ruptured aneurysms; these diagnosis-specific percentages were used in the statistical analysis.
Generalized estimating equations (GEE) were used to allow observations to be clustered by hospital. Compound symmetry (exchangeable) was selected as the working correlation structure. This is a standard statistical technique used when other variables and characteristics of treatment that affect outcome are thought to exist and expected to cluster within predetermined groups. 3 For binary outcomes (adverse outcome, in-hospital death), the individual data points were modeled as a binomial response, with the overall distribution fit to a logistic regression (link function). Total hospital charges were converted to January 2000 dollars using the medical inflator of the Consumer Price Index. 10 Length of stay and total hospital charges (continuous variables) were transformed by use of the natural logarithm to approximate statistical normality and to limit skew resulting from outliers, and the analysis was limited to patients who survived to discharge. These log-transformed continuous-variable outcomes were analyzed by use of an identity link function and standard normal distribution.
Hospital-related variables were first tested individually. All analyses were corrected for age, sex, race, and ethnicity. A statistical significance level of PϽ0.10 was used as a screening cutoff. Those factors achieving this level of significance were then included in a multivariate analysis, with those of greatest statistical significance included first in the model. Only variables achieving statistical significance of PϽ0.05 were left in the final multivariate model.
To estimate potentially avoidable adverse outcome and in-hospital mortality resulting from a shift of care to high-volume hospitals, we calculated the average procedural volume for the top 10 high-volume hospitals. For each non-high-volume hospital, we then calculated the expected improvement in outcome (decrease in adverse outcome and in-hospital mortality) predicted by a change in volume from the hospital's actual volume to the average volume of the high-volume group using our final GEE model. The sum of the increments for each low-volume hospital became the estimated overall improvement in adverse outcome and in-hospital mortality.
Statistical analyses were performed with SAS for Windows, version 8.02 (SAS Institute, Inc), and Stata, version 7.0 (Stata Corp).
Results
During the 6-year period from 1995 through 2000, there were 13 399 discharges from hospitals in New York State with a primary diagnosis of either subarachnoid hemorrhage or unruptured cerebral aneurysm. Of these, 5963 were admissions in which the patient underwent craniotomy for clipping or wrapping of an aneurysm or received endovascular coiling (Table 1) . Of the 257 inpatient hospitals in the state of New York extant during the study period, 113 reported performing at least 1 of these procedures on a patient with subarachnoid hemorrhage or unruptured aneurysm; 19 performed endovascular therapy. Twenty-one hospitals had coverage by neurosurgical residency programs; 14 had dedicated NICUs.
The racial composition of patients treated for aneurysms differed from state census data (Table 1 ). In addition, blacks and other minorities, as well as men, made up a higher percentage of the group that presented for treatment after 
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The Figure shows the trend in volume of procedures during the study period. Volume increased over the 6 years for unruptured and ruptured aneurysms (PϽ0.001), as did the percentage of admissions involving endovascular therapy, increasing from 3% in 1995 to 15% in 2000 for ruptured aneurysms and from 13% to 24% for unruptured aneurysms (PϽ0.0001 for both groups). Table 2 shows overall outcome after treatment of aneurysms by surgical clipping or endovascular therapy. There were a total of 5687 procedures performed during 5656 separate admissions, because some patients had clipping and endovascular therapy performed on the same admission. As expected, patients whose aneurysms were treated before they ruptured had better outcomes and used fewer hospital resources. There were no discernible trends in outcome over the 6-year period except for a slight increase in adverse outcomes after treatment of subarachnoid hemorrhage (Table I , available online at http://stroke.ahajournals.org). The statistical significance of this trend (PϽ0.001) was due to an unusually low number of adverse outcomes in 1995 (48.6%) compared with the remaining years, which averaged 58.9Ϯ1.7%; there was no significant trend when this single point was eliminated from the analysis.
Hospital-Related Factors
Multivariate analysis was performed separately for unruptured and ruptured aneurysms, and the results for the variables retained in the final model are shown in Table 3 .
(Complete univariate and multivariate results are shown in Table II , available online at http://stroke.ahajournals.org.) Greater hospital procedural experience was associated with fewer adverse outcomes and in-hospital deaths for both unruptured and ruptured aneurysms and was associated with a decreased length of stay for unruptured aneurysms. The propensity to use embolization (percent embolization) was also associated with fewer adverse outcomes and shorter length of stay for the treatment of unruptured aneurysms but was associated with an increase in hospital charges for ruptured aneurysms. Presence of a neurosurgical residency was correlated only with higher hospital charges for ruptured aneurysms, while presence of an NICU did not remain an independently significant variable in any of the multivariate models.
We also examined the effect of procedural volume separately on outcome after clipping or endovascular therapy (Table 4 ). Higher volume was associated with better outcome (fewer in-hospital deaths and adverse outcomes) after clipping of both ruptured and unruptured aneurysms. For embolization, however, the association with hospital volume either was not significant or demonstrated a statistically weaker effect.
Number of procedures performed on ruptured and unruptured aneurysms by year and percentage of admissions involving endovascular therapy. Bar graph refers to the number of procedures; line graph, percent endovascular therapy. 
Analysis of High-Volume Hospitals
The 10 hospitals in New York with the highest volume of procedures for aneurysm treatment (clipping, wrapping, endovascular therapy) during the study period accounted for 3064 or 50.4% of the 6074 total procedures. Within this group, there was a considerable range in procedural volume (from 35 to 133 a year) and marked differences in the percentage of cases performed with endovascular therapy (from 1% to 38%). We performed a multivariate analysis examining the effect of procedural volume and percent endovascular therapy, limiting the analysis to the 10 hospitals with greatest overall volume. Procedural experience decreased adverse outcomes for ruptured and unruptured aneurysms (OR for each additional 10 cases performed per year, 0.85; 95% CI, 0.81 to 0.89; PϽ0.0001 for ruptured aneurysms; and OR, 0.89; 95% CI, 0.85 to 0.93; PϽ0.0001 for unruptured aneurysms). Higher rates of treatment by embolization lowered in-hospital deaths for treatment of unruptured aneurysms (OR for each additional 10% of cases done by embolization, 0.68; 95% CI, 0.58 to 0.80; PϽ0.0001). We then calculated the potentially avoidable in-hospital mortality and adverse outcome that might derive from directing all aneurysm treatment to the top 10 high-volume hospitals. In absolute numbers, the largest potential improvement in outcome would be projected to occur with the treatment of subarachnoid hemorrhage (Table 5) .
Discussion
We reviewed all hospital discharges from New York State between 1995 and 2000 involving treatment for cerebral aneurysms. We found that the increase in treatment volume during this period came predominantly from an increase in the number of unruptured aneurysms being treated and that endovascular coiling is being used to treat an increasing percentage of both unruptured and ruptured aneurysms. At the institutional level, overall hospital experience treating cerebral aneurysms and the propensity to treat aneurysms with endovascular therapy were both independently associated with improved outcome.
The overall rate for in-hospital death after clipping or coiling of ruptured cerebral aneurysms in New York State was 14%. This is lower than the 15% to 25% mortality generally reported in the literature for follow-up periods ranging from 1 month to 1 year. [11] [12] [13] [14] Part of this difference is due to the fact that our measured mortality rate was limited to in-hospital death, although improvements in surgical technique and hospital care over the past 20 years are undoubtedly contributing factors. 
Berman et al Outcome After Treatment of Cerebral Aneurysms
For unruptured aneurysms, we found a statewide rate for in-hospital mortality of 2.5%. This is virtually identical to the 2.6% rate cited by the Raaymakers et al 15 meta-analysis covering studies published between 1966 and 1996, the 2.3% found by the International Study of Unruptured Intracranial Aneurysms, 16 and the 3.0% found in the analysis of California discharge data. 3 We found a 21.3% rate of adverse outcomes in the treatment of unruptured aneurysms in the New York State data, again quite similar to the 22.4% previously found with discharge data from California. 3 It is difficult to compare results for adverse outcome based on discharge data with results from other types of clinical series. Most clinical studies group patients with Glasgow Outcome Scale (GOS) scores of 4 and 5 as good outcome, although this includes patients with permanent disability who are unable to return to work or perform certain household chores. Presumably, many of the patients categorized as poor outcome by virtue of not being sent directly home in discharge studies eventually recover to a Glasgow Outcome Scale score of 4.
The International Study of Unruptured Intracranial Aneurysms (ISUIA) included a more conservative criterion for good outcome, combining mental status changes with disability on the Rankin Scale, 16 a method more appropriate for comparison with our data based on discharge destination. The ISUIA showed an overall 1-month morbidity and mortality of 17.5% for patients with no preexisting subarachnoid hemorrhage after surgery compared with the 21.3% that we found for a similar group of patients.
Hospital-Related Factors
We found that hospital-related factors had more of an impact on outcome after treatment of unruptured aneurysms than ruptured aneurysms. This is expected because patients with ruptured aneurysms carry the preexisting morbidity of their subarachnoid hemorrhage. Discharge data sets cannot provide reliable risk stratification by initial neurological condition (eg, Hunt and Hess grade 17 ); thus, our data on subarachnoid hemorrhage patients have less power for identifying the effect of hospital-related factors than our data for unruptured aneurysm patients.
Our results showing independent beneficial effects of both hospital volume and the use of endovascular therapy in the treatment of cerebral aneurysms are supported by earlier outcomes research using New York 1 and California 3 discharge data sets and Medicare data. 2 Conclusions concerning the role of endovascular therapy have been especially controversial in the past. 18 Johnston 19 has combined ecological variables (variables describing practice styles in a region or institution or the overall surgical volume of an institution) with adjustment for potentially prognostic individual-level variables (age, race, sex) to evaluate the effect of endovascular therapy on outcome after treatment of unruptured cerebral aneurysms. The assumption is that, all things being equal, if endovascular therapy has a better immediate outcome than surgical clipping for any subtype of cerebral aneurysm (subtype based on size, shape, or anatomic location), hospitals with a higher propensity to treat with endovascular therapy will show better outcome statistics. This method avoids the referral bias inherent in the direct comparison of treatment protocols in nonrandomized studies in which patients with a better prognosis may be directed toward a particular type of treatment. 19 Using an analysis that combined ecological and individual variables for California State discharge data from 1990 through 1998, Johnston et al 3 showed that adverse outcomes were less likely after treatment of unruptured cerebral aneurysms at hospitals with a high percentage (Ͼ10%) of cases performed endovascularly (OR, 3.7) and that length of stay was shorter. 3 This group also showed that high-volume hospitals had fewer adverse outcomes after treatment of subarachnoid hemorrhage but that propensity to use endovascular therapy was not associated with difference in outcome. 20 We performed a similar analysis using New York State discharge data, incorporating further refinements into our analytic methods. We expressed hospital volume and institutional propensity to use endovascular therapy as continuous variables; thus, no arbitrary cutoffs were imposed a priori. In addition, institutional propensity to use endovascular therapy was calculated separately for ruptured and unruptured aneurysms. We Data are n (95% CI) Table shows theoretically avoidable adverse outcomes and in-hospital deaths resulting from selective transfer of all patients with cerebral aneurysms to high-volume hospitals for curative treatment. Because of rounding, estimated poor outcome and potential improvement do not always sum to observed poor outcome.
analyzed outcome for subarachnoid hemorrhage and unruptured cerebral aneurysms using the same data set and time period.
Our results demonstrate a broader range of effect of hospital volume. For unruptured aneurysms, hospital procedural experience had beneficial effects on adverse outcomes, in-hospital mortality, and length of stay; higher procedural volume also improved outcome and decreased mortality in the clipping of ruptured aneurysms. Propensity to use embolization was associated with decreasing adverse outcomes and length of stay after treatment of unruptured aneurysms but had no effect on ruptured aneurysms except a modest increase in charges.
These trends continued even among the 10 highest-volume hospitals in New York State. Within this group, the beneficial effect of institutional volume on adverse outcomes for both unruptured and ruptured aneurysms was about as large as it was for the overall state data. Propensity to use endovascular therapy still affected outcome, although it was associated only with decreased in-hospital mortality.
We also found that outcome after embolization of cerebral aneurysms is less affected by overall procedural volume than is clipping of cerebral aneurysms. This is not surprising because endovascular treatment is already limited primarily to highvolume centers, whereas 50% of aneurysm clipping is still done in low-volume settings. In addition, craniotomies for aneurysm clipping are more invasive procedures and require more complicated anesthetic and postoperative care. These results are consistent with (but cannot prove) the finding that outcome after aneurysm clipping is more dependent on both operator experience and the facility of the hospital in providing necessary support for this type of patient.
Regionalization of Services
The desirability of regionalization of medical services and the advantages of selective referral to high-volume hospitals have been discussed for a variety of surgical procedures, including the treatment of cerebral aneurysms. 20 -22 Although we have estimated potentially avoidable in-hospital deaths and adverse outcomes, the relationship between volume and outcome is an association only. 22 There are many causative factors, and these may differ for improvement in morbidity versus improvement in mortality.
As discussed elsewhere, 21 the benefits of an active regionalization and selective referral program for the treatment of cerebral aneurysms might be fewer than predicted. Some patients might be too unstable for transfer to a referral center, and increased volume at already high-volume hospitals might disrupt patient care by overburdening clinical resources and creating new queues for services. Instituting a regionalized selective referral program might be difficult for political and practical reasons, including issues of insurance coverage. Still, there is evidence that regionalization and selective referral could improve overall outcome. In New York State, efforts to direct cardiac surgery to high-volume surgeons reduced overall mortality by 41% between 1989 and 1992. 23 Regionalization of major surgical procedures (including neurosurgical procedures) in Edmonton, Alberta (Canada), in 1995 resulted in decreased length of stay with no change in mortality rate or readmission rate, although the postregionalization patient population had greater comorbidity. 24 Our data suggest that regionalization might also decrease death and other adverse outcomes after curative treatment for cerebral aneurysms.
comes. 7 As Berman and colleagues alluded to in their study, many high-volume centers may already be taxed in terms of the acuity of their patients and the availability of resources and staff.
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